Abstract: Background: Rapid eye movement (REM) sleep behavior disorder (RBD) is one of the most specific prodromal indicators for Parkinson's disease (PD). Objectives: To test the validity of the RBD-Screening Questionnaire (RBDSQ) in assessing RBD in early PD. Methods: The RBDSQ was completed before video-supported polysomnography (vPSG) by 134 de novo PD patients, 109 matched controls without neurological disorder (CTR) and 30 subjects with idiopathic RBD (iRBD) without clinical signs of PD; results were compared with vPSG-confirmed RBD diagnosis. Results and Conclusions: Sensitivity/specificity of the RBDSQ for the PD cohort were 0.44/0.84 at the previously published cut-off score of 6 for PD patients, and the area under the curve (AUC) 0.68 (95% CI, 0.56-0.79). By contrast, in the iRBD/CTR cohort the RBDSQ (cut-off 5 5) had a sensitivity/specificity of 0.97/0.84 and an AUC of 0.95 (95% CI, 0.90-1.00). Subanalysis of question 6 only (4 subitems asking for dream enactment) at a cut-off score of 1 revealed a sensitivity of 0.74 and a specificity of 0.70 for the de novo PD cohort, AUC was 0.74 (95% CI, 0.63-0.84). RBDSQ is an insufficient screening tool for RBD in de novo PD. New screening tools for RBD assessment need to be developed.
Introduction
Rapid eye movement (REM) sleep behavior disorder (RBD) is characterized by abnormal behavior, often qualified as dream enactment, during REM sleep. It is accompanied by a loss of physiological muscle atonia during REM sleep recorded on electromyography (EMG) (REM sleep without atonia RWA). 1 RBD is considered the most specific prodromal marker for neurodegenerative diseases associated with the misprocessing of a-synuclein (i.e., Lewy body dementia, multiple system atrophy and Parkinson's disease [PD] ). Up to 25% of de novo PD patients have been shown to have RBD, 2 and prevalence increases with disease duration. 3, 4 As video-supported polysomnography (vPSG) for the diagnosis of RBD is costly and not readily available, a valid screening tool for facilitating identification of populations at risk of developing asynuclein aggregation disorders is of the utmost importance for clinical trials with putative neuroprotective agents. 5 However, depending on the population screened, the RBD-screening questionnaire (RBDSQ) has shown disparate results in performance [6] [7] [8] (see table 3 ); a validation for RBD-screening in de novo and prodromal PD has not yet been undertaken. In this study, we validated the RBDSQ with polysomnographic results in a de novo PD cohort and assessed the validity of the RBDSQ for use in future studies in early PD. Results of the RBDSQ in a cohort of idiopathic RBD (iRBD) subjects and controls (CTR) are compared to the de novo PD cohort results. A subanalysis of sensitivity and specificity at a cut-off score of 1 for question 6 only of the RBDSQ (subitems 6.1, 6.2, 6.3 and 6.4) is added.
Methods Participants
The analyzed data were extracted from the baseline evaluation of the DeNoPa cohort, a prospective longitudinal single-center observational cohort study of patients with de novo PD and ageand sex-matched neurologically healthy controls (for further details see, 9 recruitment period 2010-2011). CTR were excluded if they reported a sleep disorder at initial presentation. 2 A separate cohort of 30 iRBD patients with polysomnography-verified RBD-diagnosis according to the criteria mentioned below was added for further evaluation (recruitment period 2012-2016). All participants gave their full written informed consent for participation in the study as well as for video-polysomnography as described. 3, 9 The local Ethical Committee approved the project (Approval no. FF89/2008).
Polysomnography
All subjects underwent a cardiorespiratory video-supported PSG (Xltec: Excel Tech Ltd) according to American Academy of Sleep Medicine (AASM) criteria on two consecutive nights; RBD was diagnosed according to criteria established by Schenck et al. 10 and the International Classification of Sleep Disorders, 2nd edition (ICSD 2). 11 For details, see Sixel-Doring et al. 2, 12 REM without atonia was quantified by surface EMG activity of the mentalis muscle during REM sleep according to the method published by the SINBAR group and the cut-off value for 100% specificity was set at a mentalis EMG activity rate of 18.2%. 23 For diagnosis of RBD, study subjects needed to show REM associated motor behavior and/or vocalizations plus an EMG activity rate above the specific cut-off. Subjects with REM associated motor behavior and/or vocalizations but EMG activity below the specific cut-off were counted as RBD negative. Application of the new ICSD 3 1 diagnostic criteria for RBD to the polysomnography measurements did not result in a different classification of RBD positive and negative subjects in comparison to the ICSD 2 criteria. Patients and controls completed the RBDSQ without assistance as part of a routine work-up before undergoing polysomnography and without prior information about RBD.
RBD-Screening Questionnaire
The RBDSQ consists of 10 questions with 13 items overall; items 3, 6.1, 6.2, and 6.3 focus on dream enactment behavior, item 10 asks about central nervous system (CNS) disease. In the original validation study 8 a cut-off score of 5 was defined in a heterogeneous RBD cohort. Nomura suggested a cut-off score of 6 for PD patients. 13 
Statistical Analysis
The RBDSQ answer profiles of the PD patients were compared to polysomnography results. The same procedure was applied to iRBD patients and CTR. 
Results
By vPSG we identified 33 RBD positive de novo PD patients of the DeNoPa cohort, that were compared to the 101 RBD negative ones. Furthermore, 30 iRBD patients were compared to 107 vPSG confirmed RBD negative CTR.
Comparison of demographic and clinical data in the different groups is summarized in Table 1 .
No relevant differences in age or sex were noted between the RBD positive and negative PD groups (p 5 0.18 and p 5 0.89). RBDSQ scores were higher in the RBD positive PD group (4.2 versus 2.4, p 5 0.003).
In the PD group the ROC curve revealed an AUC of 0.68 (95% CI, 0.56-0.79) with a sensitivity of 0.44 and a specificity of 0.84 at a cut-off score of 6 (0.47 and 0.78, respectively at a cut-off score of 5). Looking at the individual items the maximal sensitivity for RBD in PD was 0.67 for item no. 10 (for wording of the question see figure 1 ) and 0.63 for item 6.1. Specificity showed maximum values of 0.97 for item 5, and 0.96 for items 6.3 and 6.4. Cronbach's a was 0.78 for the overall questionnaire including items 1-10; rising to a maximum of 0.81 by omitting item 10 (answered positive for all PD patients).
Additional analysis of the 30 iRBD patients in comparison to CTR (without RBD) revealed an AUC of 0.95 (95% CI, 0.90-1.0), a sensitivity of 0.87 and a specificity of 0.87 at cut-off score of 6 (0.97 and 0.84, respectively at a cut-off score of 5). Maximal sensitivity was 0.9 for items 1 and 6.2. Maximal specificity was 0.98 for item 6. 
Discussion
Based on our results, the RBDSQ seems not suitable for screening for RBD in early PD.
For the early PD cohort, RBDSQ compared to the gold standard vPSG for diagnosing RBD only reached a maximal sensitivity of 0.47 when cut-off scores of 5 and 6 were applied. Lowering the RBDSQ cut-off score to 1 provides a sensitivity of 0.88, but would result in a reduced and inacceptable specificity of 0.22.
However, a better sensitivity is reached by only including subitems 6.1 to 6.4 of question 6 of the RBDSQ. At a cut-off score of 1, sensitivity increases to 0.74 at a reasonable specificity of 0.70 in the de novo PD cohort. Thus, using question 6 only for screening for RBD in de novo PD might be more appropriate. Previous studies, including the original paper of Stiasny-Kolster et al., 8 focused on the most specific questions 6.3, 6.4, and 5, using those in our de novo PD cohort would indeed result in a high specificity of 0.91 but at the expense of sensitivity being reduced to 0.34.
Using the RBDSQ as a screening tool in the general population (e.g., for identifying subjects at risk of neurodegenerative disease), we would expect lower positive predictive values because of the even lower frequency of RBD that is assumed in the general population. Thus, calculating the positive predictive value at the cut-off score of 6 gives a value of 0.48 for our de novo cohort and a value of 0.33 for the mixed de novo/CTR cohort (0.42 and 0.28 respectively at a cut-off score 5; data not shown).
In contrast, the RBDSQ performed well in our cohort with clinically suspected, and afterwards polysomnography-proven, iRBD. As PD diagnosis accounts for one positive answer in the RBDSQ, the cut-off score of 6 is best compared to a cut-off score of 5 in iRBD. At the cut-off score of 5 the sensitivity reached 0.97 combined with a good specificity of 0.84. This is comparable or even better than in previous validation studies with iRBD patients. In 2016, Marelli et al. found a high sensitivity of 0.97 but a low specificity of 0.46 at a cut-off score of 5. 16 The lower specificity may be due to inclusion of patients with various sleep disorders whereas our comparison group only included subjects who were carefully screened for the absence of sleep related complaints (CTR). Lee et al. compared the Korean RBDSQ results of iRBD patients to CTR and reached a sensitivity of 0.89 and a specificity of 0.98 at a cut-off score of 4.5. 17 Our results do show good performance in iRBD patients referred to a sleep laboratory for clinically suspected, and therefore probably more violent RBD. However, more subtle types of dream enactment are seldomly reported in clinical history and thus limit the performance of the RBDSQ, as these would only be diagnosed by population-wide polysomnography. Low performance of the RBDSQ in our de novo PD cohort might be due to several factors. In a cohort of de novo PD we found a subtler RBD phenotype with typical jerky movements of the extremities and few vocalizations in REM sleep. 2, 18 These findings are in line with the maximum sensitivity detected in question 6.1 related to shouting (etc.) in sleep. However, the first RBDSQ-validation study in 2007 that reported a sensitivity of 0.96 and a specificity of 0.56 at a cut-off score of 5 was mainly completed in a cohort of violent RBD phenotypes and included iRBD and narcolepsy patients. 8 The correlation between an increased RBDSQ-score and more violent RBD has been confirmed in several studies. 13, 19 Second, the RBDSQ was applied in a routine work-up without prior sleep assessment, thus mimicking the situation in a population screening where no specific information on RBD is given prior to screening. Stiasny-Kolster et al. reported a markedly enhanced sensitivity of the RBDSQ when prior sleep assessment with information about RBD took place. 20 Other validated RBD-scales also focus on violent dream enactment and therefore are not expected to be more sensitive. We also assessed question 6 of the PDSS-2 at a cut-off score of 2 for detection of RBD in de novo PD. This showed a similar 
